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SUMMARY
The radiation resistance of ITO/InP cells processed by dc magnetron sput-
tering is compared to that of standard n/p InP and GaAs homojunction cells.
After lO MeV proton irradiations, it is found that the radiation resistance of
the present ITO/InP cell is comparable to that of the n/p homojunction InP cell
and that both InP cell types have radiation resistance significantly greater
than GaAs. The relatively lower radiation resistance, observed at higher flu-
ence, for the InP cell with the deepest junction depth, is attributed to losses
in the cells emitter region. Diode parameters obtained from Isc-Voc plots,
data from surface Raman spectroscopy and determinations of surface conductivity
type are used to investigate the configuration of the ITO/InP cells. It is
concluded that these latter cells are n/p homojunctions, the n-region consist-
ing of a disordered layer at the oxide semiconductor interface.
INTRODUCTION
Indium phosphide solar cells have radiation resistance significantly
greater than either silicon or gallium arsenide under both proton and electron
irradiations (refs. I to 3). In addition air mass zero, total area efficien-
cies of 18.8 percent have been demonstrated and efficiencies approaching
22 percent appear feasible for homojunction InP solar cells (refs. 4 to 6).
Although the prospects are promising with respect to radiation resistance and
efficiencies, cost is a factor which requires increased effort (ref. 7). This
being the case,indium tin oxide/indium phosphide (ITO/InP) solar cells present
a lower cost, lower temperature, processing alternative to the more commonly
encountered n/p or p/n homojunction InP cells (ref. 8). To date, however,
there appears to be no published data on the performance of ITO/InP solar cells
in a particulate radiation environment. Our previous research on solar cells
in which the front surface oxide was an active cell component led to the con-
clusion that radiation induced degradation in the oxide was a significant fac-
tor in cell degradation (ref. 9). Hence, if ITO/InP cells are considered for
use in space, one should not assume, in the absence of experimental evidence,
that the InP homojunction radiation damage results apply to the oxide semicon-
ductor cell. In addition to their radiation resistance, there remains the
question as to whether the ITO/InP cells are heterojunctions, buried InP homo-
junctions or semiconductor-insulator-semiconductor (S-I-S) solar cells (refs. 8
to II). In the present case, we have determined the performance of ITO/InP
cells under proton irradiation and compared their performance, in a radiation
environment, to that of n/p InP homojunction cells. Wealso present evidence
to identify the configuration of the present ITO/InP cells. This latter infor-
mation is of importance in theoretical modelling aimed at determining the
parameters necessary to achieve optimum cell performance.
EXPERIMENTAL
The ITO/InP cells were fabricated at the Solar Energy Research Institute.
The ITO was deposited, to a thickness of 850 A, onto zinc doped p-type InP
whosedopant concentration was 5x1Ol6/cm3. The ITO deposition was carried out
at room temperature. The n/p homojunction cells, obtained from the Rensselaer
Polytechnic Institute and the Nippon Mining corporation, were processed by open
and closed tube diffusion respectively (ref. 12). Junction formation in the
cells obtained from RPI was achieved by diffusion at 700 °C for 25 min, the AR
coating being SiO. The p-type substrate was zinc doped to a concentration of
5xlOl6/cm3 while sulfur was employed as the n-dopant (ref. 12). The cells
obtained from Nippon Mining were also processed on zinc doped substrates, the
dopant concentration being 2xlO16/cm3. Sulfur diffusion was carried out at
T = 670 °C for 3 hr (ref. 13). The AR coating for these latter cells was
SiO2/ZnS (ref. 13) The cells were irradiated by 10 MeVprotons in the NASA
Lewis Research Center's cyclotron. Performance measurementswere carried out
at NASALewis using a Xenonarc, X-25 solar simulator and an InP standard cell,
calibrated at air masszero in the NASALewis high altitude aircraft flight
calibration program (ref. 14). Pre-irradiation cell parameters are shownin
table I.
RESULTS
A plot of normalized efficiency versus fluence is shown in figure I.
Also shown, for comparison purposes, is data for an n/p GaAscell whose
pre-irradiation AMOefficiency was 17 percent (ref. 7). In agreement with pre-
vious results, the radiation resistances of the present InP and ITO/InP cells
are significantly greater than that of GaAsunder I0 MeVproton irradiation.
Most significantly, the radiation resistance of the ITO/InP cell is comparable
to that of the n/p InP homojunction ce11. The larger area (2 cm2) InP cell
exhibits increased radiation resistance at the lower fluences while falling
below the remaining InP cells at a proton fluence of approximately 6xlOll/cm 2.
From figures 2 and 3, the radiation induced degradation in Isc is greater
than that observed for Voc in the InP cells. This is consistent with previ-
ous results for InP observed after I MeVelectron irradiation (ref. 12). For
the GaAscells, the drop in normalized Isc is approximately equal to that
observed for Voc. This latter observation is contrary to that observed for
GaAsunder I MeVelectron irradiation where the drop in Voc was greater than
that observed for Isc (ref. 12). However, it is noted that the GaAscells in
reference 12 were p/n GaAscells with an AIGaAsheteroface window while the
present GaAscells are n/p homojunctions.
DISCUSSION
The high optical absorption coefficients for InP would tend to make radia-
tlon Induced losses in the cell's emitter region a significant componentof
the radiation induced degradation. In this connection, it is noted that the
large area InP homojunction cells have junction depths between 0.2 and 0.3 pm(ref. 13) while the smaller homojunction cells have junction depths -0.04 pm
(ref. 15). For further consideration of junction depth effects, we consider
the normalized spectral responses shownin figures 4 and 5. In the figures,
the position of the junction was computed from the optical path length I/_(X)
where _(X) is the optical absorption coefficient at wavelength X (refs. 2
and 16). Becauseof its relatively larger junction depth, 50 percent of the
radiation induced current loss occurs in the emitter region of the larger InP
cell. On the other hand the emitter contribution of the smaller area cell is
considerably less. These results suggest that the falloff at higher fluence,
observed for the 2 cm2 cells, could be attributed to a radiation induced reduc-
tion in emitter minority carrier diffusion length such that it becomesless
than the emitter width. Calculations of emitter diffusion length, using the
cell's short wavelength spectral response, tend to support this suggestion.
With respect to the increased radiation resistance at lower fluences, it is
speculated that this may be due to better quality wafers used in processing the
larger cells. This is supported by data presented in the remainder of the
present paper.
As noted previously, the present ITOIInP solar cells exhibit radiation
resistance comparable to that of the n/p homojunction cells. Aside from this
significant result, there remains the question of the configuration of the
oxide semiconductor cells. To explore this in further detail, we consider
Isc-Voc data, obtained under varying light intensity, using the diode
equation,
Isc = lol(exp(VoclAiV T) - I) + Io2(exp(Voc/A2VT) - I)+ Voc/Rsh (I)
where VT = kT/q, Rsh is cell shunt resistance and Al and A2 are the junc-
tion quality factors. Iol is the injection-diffusion component of dark cur-
rent and Io2 is the component due to recombination in the cells depletion
region. Values for these parameters, obtained from the Isc-Voc plots are
shown in table II. The table also lists parameters for an additional InP cell
processed by OMCVD (ref. 17). It should be noted that the table lists current
densities rather than currents. Calculated values using equation (1), yield a
good fit to the Isc-Voc curve of ITO/InP (fig. 6). Similar fits are obtained
for the Isc-Voc data of the remaining InP cells.
Considering the injection diffusion component, Jol a relatively low value
for this component can be interpreted as an indicator of substrate quality.
For example: the epitaxial cell, which is expected to have the best p-base
layer quality yields the lowest value for this parameter. Thus, considering
the remaining InP cells, the significantly lower values of Ool, obtained for
the larger InP ceil, indicates a higher quality p-base for this cell. This
tends to confirm our previous comment concerning the quality of the material
used in processing this ceil.
Returning to consideration of the ITO/InP cell's configuration, if this
cell were a true heterojunction, Jol should be lower for this cell than the
value obtained for homojunction cells (ref. 18). In fact, however, aol for
the ITO/InP cell has the highest value in table I. Nith respect to the recom-
bination component Jo2, one would expect this parameter to be relatively high
for a heterojunction cell. This would especia]ly be the case where a high
number of interface states could be created by a large lattice mismatch between
oxide and semiconductor. It is noted here that there is an excessive lattice
mismatch (almost 100 percent) between the ITO and InP. Despite this, Jo2 for
the ITO/InP cell has a va]ue comparable to two of the n/p homojunction cells
and re]atively lower than the remaining cel]. Thus consideration of the injec-
tion-diffusion and recombination components tends to ru]e against the possibi]-
ity of a heterojunction.
For completeness, it is noted that a tunneling term has been omitted from
equation (1). In fact, the tunnelling mechanism is known to be a dominant
mechanism in heterojunctions with large lattice mismatch (ref. 18). In the
present case, a large tunnelling term wou]d tend to increase the values
obtained for either aol or Oo2 or possibly both. However, for the present
ITO/InP cells this is not the case for Jo2. On the other hand, the large
value obtained for Jo] may be due to an additional contribution from tunnel-
ing. On balance however, the value obtained for Jol in the case of ITO/InP
is not excessively larger than that obtained for the small area InP cell. Thus
it appears that the sum total of the present data argues against the hetero-
junction configuration.
To further investigate the nature of the ITO/InP cell configuration, the
oxide-semiconductor interface layer was examined after first chemically etch-
ing away the oxide. Examination of the remaining InP surface by Raman spec-
troscopy revealed line broadening when compared to the Raman line obtained from
single crystal InP. This indicates some degree of disorder in the interfacial
layer. The possibility of the disordered layer being n-type was not investi-
gated for the present cells. However a change in conductivity type, was deter-
mined by Hall effect measurements, on the interfacial layer of a sample in
which the oxide was deposited under the same conditions as those employed in
processing the present cells (ref. 19). Thus, the most likely configuration
for the present ITO/InP cells is that of an n/p buried homojunction with some
disorder present in the n-type emitter layer.
CONCLUSION
It has been shown, under lO MeV proton irradiations, that;
1. The radiation resistance of ITO/InP cells processed by low temperature
dc magnetron sputtering, is comparable to that of n/p homojunction cells.
2. At high fluences, the relatively increased degradation observed in the
larger area InP cells with relatively high junction depth is due to losses in
the emitter.
3. It is suggested that the increased radiation resistance observed for
the large area InP cells at low fluence is due to improved p-base quality.
4. The radiation resistance of ITO/InP and nlp homojunction cells is sig-
nificantly greater than that of GaAs.
Aside from radiation damageconsiderations, the most likely configuration
for the present ITO/InP cells is an n/p buried homojunction solar cell where
the n-region is a disordered InP layer at the oxide semiconductor interface.
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TABLE I. - PRE-[RRADIATION PARAMETERS OF n/p InP AND ITO/InP
Cell
InP (2 cm 2)
ITO/InP
(0.718 cm 2 )
[riP (0.31 cm 2)
J c' FF,
ma_cm2 V_, percent
30.3 823
30.5 823
32.9 765
32.2 757
26.2 811
24.8 809
25.7 813
24.7 804
82.5
82.4
75.3
70.3
79.6
81.6
80.7
78.9
Efficiency,
percent
15
15.1
13.8
12.5
12.3
II .9
12.2
II .2
TABLE II. - DIFFUSION AND RECOMBINATION PARAMETERS
Cell
ITO/InP
InP (OMCVD)o
InP(0.31 _m _)
InP (2 cm _)
Number A I A 2 Jol 2
of cells A/cm
2 1.09 t.95 5.4xl -14
4 1.03 2.24 1.4xl 0-16
4 1.08 1.94 1.5xl 0-14
4 1.02 2,25 6.9x1_ -16
Jo2_
Alcm _
4x10 -9
4.1xlO -9
4.1xi0 -9
2.5x10 -8
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